INTRODUCTION
Since the discovery of hydrothermal vents in the Galapagos Rift in 1977 (Ballard, 1984) , numerous multidisciplinary studies have been carried out in different hydrothermal regions, in an attempt to describe and understand this phenomenon (Campbell & Gieskes, 1984; Edmond, 1984; Grassle, 1984; Rau, 1985) .
The hydrothermal region of the Guaymas Basin (Fig. l) , discovered in 1980 , is marked by high sedimentation rates and high vertical and horizontal temperature gradients. Consequently, several geochemical and biological studies have been carried out in this region (Gieskes et al., 1982; Simoneit & Lonsdale, 1982; Grassle, 1984 Grassle, , 1985 . Molina-Cruz and Ayala-Lopez (1988) were the first to report on the influence of hydrothermal vents on the distribution of benthic foraminifera, but this study was based on a limited number of samples. Therefore, in order to improve our understanding of the factors that control the make up and distribution of benthic foraminiferal assemblages in a hydrothermal region, a new study was undertaken using a set of new samples, collected with the submersible DSRV 'Alvin' in the spring of 1988. The objectives of this investigation were: (a) to analyse the distribution and abundance of benthic foraminifera in 2 areas within the Guaymas Basin hydrothermal region, in the Southern Trough -'Lutz Town' and 'Angel Rock' (Fig. 1); (b) to provide information about the transition from benthic foraminiferal biocoenoses to thanatocoenoses associated with the hydrothermal fluids; (c) to recognize and describe different microenvironments in the hydrothermal area using the distribution of benthic foraminiferal assemblages; (d) to analyse the local distribution of tests of other related groups, like planktonic foraminifers, radiolarians, diatoms and ostracods, in the sediments, to infer sedimentary features of these systems; and (e) to describe some aspects of the evolution of the dynamics of the hydrothermal vents.
To reach these objectives, the benthic foraminiferal biocoenoses and thanatocoenoses were analysed using two multivariate mathematical methods: Factor and Cluster Analysis (Kleinbaum et a/., 1978; Buzas, 1979) . These results were then correlated with the gross biogeography of diatoms, radiolaria, planktonic foraminifera and ostracods, through a 'graphic-multivariate analysis' (Molina-Cruz & Martinez-Lopez, 1994) .
BACKGROUND
The Guaymas Basin is part of a complex rift zone along the northern extension of the East Pacific Rise within the Gulf of California. The Guaymas Basin is an actively spreading oceanic basin and consists of two rift valleys: the Northern and Southern Troughs, separated by a 20 km transform fault area ( Fig. la; Simoneit & Lonsdale, 1982) . The basaltic lava intrusions that form new oceanic crust in the Guaymas Basin are buried by a thick layer of hemipelagic sediments that result from a combination of high surface productivity and detrital input (Koski et al., 1985; Scientific Personnel, DSDP, leg 64, 1982) . This depositional setting makes the hydrothermal vents of the Guaymas Basin different from those along other rift zones. The hydrothermal fluids flow upward through a thick later of anoxic, organic carbon-rich sediment, leaching particular chemical elements (Si, Fe, Mn, etc; Einsele et al., 1980) and producing a specific pattern of circulation (Bazylinski et al., 1988; Jones et al., 1989) . Hydrothermal fluid circulation occurs off the ridge spreading axis and a patchy distribution of 'vents' or 'seeps' occurs throughout the Southern Trough. Consequently, hydrothermal mounds and 'sedimentary microfacies' are also patchy, both spatially and in faunal content (Grassle, 1985) .
The composition of the biological communities in the Guaymas Basin, is also different from those found in other hydrothermal systems. The soft sediments which cover most of the basin result in steep vertical and horizontal environmental gradients, which are reflected by the macrobiota (Grassle, 1985) . Thus, it is possible to relate areas with different organisms, to different environmental conditions: high sulphur concentrations, bacterial mats, 'cold seeps', etc. These aspects of the Guaymas hydrothermal area are clearly visible from a submersible. In this paper we evaluate the effect of hydrothermal activity on the microfaunal community in the Guaymas Basin.
MATERIAL AND METHODS
The sediment samples used in this investigation were collected from the Guaymas Basin, Gulf of California. Most of the samples are from the Southern Trough of the basin and were taken with the DSRV 'Alvin' in January and February 1988, in two geographical areas: 'Lutz Town' and 'Angel Rock' (Fig. 2) . Additional 'control samples' (G) were taken in an area without hydrothermal influence, using the Mexican R/V 'El Puma'.
The sediments were taken with a modified 225 cm2 Ekman box corer, containing four subcores (56.25 cm'); with plastic pipes (diameter 8cm) and with a gravity corer (diameter 13 cm).
The sediment cores were subsampled on board at three levels: 'surface' (0-5 cm) in all localities; and 'intermediate' (10-15cm below the top of the core) and 'bottom' (20-25cm below the top of the core) in some of the localities (Table 1) . It was not possible to collect samples at all three level from all localities.
The surface samples (40 cm3) were treated with borated-formalin, and stained with rose Bengal to distinguish the live benthic foraminifera (Walton, 1952) . In the laboratory, foraminifers, radiolarians, ostracods and diatoms were separated from the sediments by washing them through a 63 p m sieve. The abundances of different benthic foraminiferal taxa, both stained (biocoenoses) and unstained (thanatocoenoses), were determined for all samples ( Table 2 and Plate 1). In addition, the total abundance (individuals per gram) of planktonic foraminifers, radiolarians (suborder Phaeodaria), and ostracod shells were estimated for each sample. The relative abundance (percentage relative to a sample of the grain population of >62 pm) of diatoms in each sample was also estimated.
An R-mode Cluster Analysis (Buzas, 1979) of the benthic foraminiferal species abundance data (YO) both stained and unstained, was carried out to identify species of benthic foraminifera whose biocoenoses and thanatocoenoses are similar. This occurs when 'stained' variable (species) and the corresponding 'unstained' variable are associated at a 'high-level' (Table 3) .
Only species which do not show significant changes in their transfer from biocoenoses to thanatocoenoses were used to carry out a Q-mode Factor Analysis (Kleinbaum et al., 1978) in order to define benthic foraminiferal assemblages and group samples ( ' (Fig. 3a; Shepard, 1954; Pettijohn, 1957) , standardizing to 100% the factor loadings of the 3 factors defined in the hydrothermal region.
The factor loadings obtained in the Q-mode Factor Analysis were included as variables in a 'new' R-mode Cluster Analysis, to identify which benthic foraminifera species were associated with each factor (see Fig. 4 ).
'Biogeographical' abundance of benthic foraminifers, diatoms, radiolarians (phaeodarians), ostracods and planktonic foraminifera were also correlated with the factors, defined by the Factor Analysis, through a 'graphicmultivariate analysis' (Molina-Cruz & Martinez-Lopez, 1994) (Figs 5 to S), in order to make further microenvironmental inferences, as will be discussed in the results. Figure 9 shows sketches of the distribution of 'microfacies' as seen during dives. Figures 10 and 11 represent a variant of the 'graphic-multivariate analysis': within the 'classification triangle', it is observed that a particular locality apparently shifts among environments through time. Because localities cannot move, it is inferred that this effect is rather a consequence of environmental changes, in a locality, through time, thus showing the 'environmental evolution' of particular localities. 
* Employed in the mathematical analysis. 
RESULTS AND DISCUSSION
The results obtained from the Q-mode Factor Analysis of biocoenoses and thanatocoenoses of benthic foraminifera, indicate that four factors (assemblages) satisfactorily represent the foraminiferal community in this region (the cumulative variance is 87.6%) ( Table 4) . Factors 1, 2 and 4 represent samples from within the hydrothermal vent area, while Factor 3 contains samples from the region of Guaymas Basin that is not influenced by hydrothermal activity.
To infer the affinity between individual species and the assemblages defined by the Q-mode Factor analysis, an R-mode Cluster Analysis was carried out, using the Q-mode factor loadings also as input variables (Fig. 4) . The dominant species associated with each factor are -Factor 1: Trochamrnina sp. and Recuruoides sp.; Factor 2: Bulimina spinosa, Bolivina seminuda, Cibicides sp. and Bolivina translucens; Factor 3: Uvigerina peregrina, Bulirninella additional photographs, are found in Matoba & Yamaguchi (1982) .
In order to evaluate interrelationships among the benthic foraminiferal assemblages, a 'graphic-multivariate analysis' (Molina-Cruz & Martinez-Lopez, 1994) was carried out on the three factors from within the hydrothermal vent area. Based on this analysis, we find that: (1) Distinct relationships exist between each sample factor-composition and the various microenvironments described during the sampling (cool sediment, bacterial mats, and direct hydrothermal influence) (Fig. 3a) and with the two geographical areas in which the samples were collected ('Angel Rock' and 'Lutz Town') ( Fig. 3b) . This representation shows that each sample includes proportionately, the factors obtained through the mathematical analysis, neglecting the geographical area where they were sampled: 'Lutz Town' or 'Angel Rock'. This means that these areas do not define their own particular environment. Based on the 'rnicroenvironments' observed during diving, we find that all samples associated with Factor 1 are from the 'bacterial mat microenvironment', the samples associated with Factor 2 belong to the 'cool microenvironment' and those associated with Factor 4 are from the 'hydrothermal microenvironment'. In the latter microenvironment, the clam Calyptogena pacifica was always present and abundant. This distinct association between benthic assemblages and microenvironments was used as a basis for further analysis.
(2) A correlation exists between each sample 'factor composition-microenvironment' and the abundance (number of individuals/gram) of benthic foraminifera, ostracods (Fig. 5) , radiolaria (phaeodarians) and planktonic foraminifera (Fig. 6) . The relative abundance (YO) of diatoms is also included in Fig. 6 . This analysis allows us to describe the microenvironments, considering both ecological conditions as well as preservation and/or sedimentary features. The ecological conditions should be reflected by the biogeographical distribution of the benthic communities, while preservation and/or sedimentary dynamics will control planktonic remains.
If shell abundance of benthic organisms is a function of favourable living conditions, then the low abundance of benthic foraminifera and ostracods in the 'hydrothermal microenvironment' (Fig. 5) suggests 'drastic' ecological conditions for the benthic microfauna. Such 'drastic' conditions are also indicated for the preservational aspect: since the study area is relatively small (approx 500mZ), it can be assumed that the planktonic input is uniform for all of the microenvironments. Since planktonic remains are relatively low in the 'hydrothermal microenvironment' (Fig.  6) , we conclude that the high temperatures and chemistry of the hydrothermal fluid are affecting the preservation of biogenic material and limiting the establishment of the benthic population. The 'bacterial microenvironment' -described as Factor 1 -is intermediate, both in ecological and preservational aspects. Here, the abundance of benthic and planktonic remains is always intermediate with respect to the other two microenvironments (Figs 5 and 6 ). This may be due to the fact that the extreme environmental conditions associated with the hydrothermal microenvironment are diluted by mixing with the surrounding cold waters. In this region, yellow and white bacterial mats are commonly present.
According to the diving reports, the 'cool microenvironment' -described as factor 2 -is approximately 5 m away from direct hydrothermal influence. This microenvironment is the most favourable for the benthic foraminifera and ostracods, and also for the preservation of planktonic remains (Figs 5 and 6, respectively) . The abundance of microfossil shells was always highest in this region.
The association of several benthic foraminiferal species with each factor was enhanced through a 'graphicmultivariate analysis', contouring, within the basisclassification triangle, the relative abundance of each foraminiferal species. This analysis supports the results obtained from the mathematical analysis and led us to recognize more easily each association. For example, Trochammina sp. with Factor 1 ('Bacterial environment'); Bulimina spinosa with Factor 2 ('cool environment') and Bulimina mexicana with Factor 4 ('Hydrothermal environment') (Fig. 7) .
The poor preservation conditions observed in the 'hydrothermal microenvironment' were supported by experiments carried out in situ. Foraminifera tests and mollusc fragments were embedded in a plastic resin and then buried in sediments in each of the different microenvironment observed in the Guaymas Basin, in order to examine the dissolution effect of the hydrothermal fluids. Although the results of this experiment are rather qualitative, it is obvious that the dissolution of tests is more intense in the 'hydrothermal microenvironment' in which the clams were abundant.
In order to evaluate diversity within each of the microenvironments, the Shannon-Weiner diversity index (Krebs, 1985) was estimated for the benthic foraminifera assemblages in each sample. This analysis included 2 cases: (a) only stained data; and (b) both stained and unstained data. The mean value of diversity in each 'microenvironment' was compared with those from the area of hydrothermal influence and with the one in the area without hydrothermal influence, through a mathematical 'f' test (Remington & Schork, 1970) . Diversity between the 2 areas was significant only in the first case (stained data; hydrothermal = 0.51; not hydrothermal = 0.28). Diversity is higher in the hydrothermal region, probably as a result of Table 3 . R-Mode Cluster Analysis (similarity index between stained (biocoenoses) specimens and unstained (thanatococnoses) specimens for each species. Species which have a high level of similarity are considered 'significant' and are denoted by an asterix (*).
the high spatial heterogeneity observed in this area. If both the stained and unstained foraminifera1 data are used in the analysis, the difference in 'diversity index' between the two areas is not significant (hydrothermal = 1.01; not hydrothermal = 1.11). Thus, it is suspected that detrital input can mask somewhat the ecological signals. According to the 'f' test, the mean diversity values for the three 'microenvironments within the hydrothermal area were not significantly different. However, the 'graphicmultivariate analysis' (Fig. 8) indicates that the 'bacteria1 microenvironment' has the lowest diversity.
Even though the hydrothermal flux in the Guaymas Basin occurs from a large number of 'vents' or 'seeps' located randomly, it is possible to define the spatial character of the different microenvironments (Fig. 9) . In the cool and hydrothermal microenvironments, the environmental conditions are more stable, with cool or hot water always present, respectively. In contrast, the bacterial mat environment is more unstable, since the temperature and water chemistry depend on the mixing of cool bottom water and hydrothermal fluids.
The above results are based on the analysis of surface samples, which are assumed to represent present-day conditions. However, how have the ecological and Table 4 . All sub-bottom samples from the region of the Guaymas Basin without any hydrothermal influence are associated with Factor 3.
A 'graphic-multivariate analysis' of the sub-bottom samples was carried out in order to examine changes in the fauna and associated environmental conditions through time (Fig. 10) . At sample localities 7, 8 and 25 the sub-bottom fauna indicates that a 'bacterial microenvironment' existed in the past, while these locations are at present within the 'cool microenvironment'. This suggests changes in the dynamics of the hydrothermal regime through time. At locality 12, there has been a change from a 'bacterial microenvironment' to the present 'hydrothermal' environment; thus, suggesting that the hydrothermal flux at this site was lower in the past or that hydrothermal activity was recently established near this site. The fauna at site 5 indicates no changes in environmental conditions with time.
Due to a lack of stratigraphic control, it was not possible to correlate the sub-bottom samples between cores.
The abundances of benthic foraminifera, radiolaria, planktonic foraminifera, ostracods, and diatoms in the sub-bottom samples were analysed with a variant of the 'graphic-multivariate analysis'. This analysis determines whether the increase (or decrease) of the abundances of these groups is coherent or not, with the 'microenvironment' changes, through time, at each locality. The relationship established between abundance-microenvironment for the surface samples (Figs 5 and 6) , is consequently considered in this analysis (Fig. 11) .
For benthic foraminifera (Fig. lla) , there is a general tendency for abundance to increase with a change from the bacterial microenvironment to the cool environment; thus supporting our conclusion that the less severe environmental conditions result in better colonization and/or preservation of tests. For example, at locality 12 a decrease in benthic foraminifera1 abundance suggests an increase in hydrothermal influence with time.
For radiolaria (phaeodarians) (Fig. llc) , there is also a tendency for the number of specimens to increase as the depositional environment becomes cooler. The planktonic foraminfers (Fig. lld) , show a similar pattern of increase in number with less hydrothermal influence. The diatoms and ostracod abundance (Figs l l e and l l b ) show no clear pattern.
Consequently, the microfaunal analysis of the sub-bottom samples supports the results obtained from the surface samples. The more severe conditions associated with the hydrothermal environment result in poor survival and preservation of microorganisms. The 'bacterial microenvironment' is relatively unstable in comparison to the other two 'microenvironments' because it is a region of mixing of cold bottom water and hydrothermal fluids. This makes the faunal populations very sensitive to environmental changes. The greatest abundance of microfaunal remains is always associated with the 'cool microenvironment'. This study represents a contribution to the general understanding of biotic response to hydrothermal vent systems. Through the analysis of benthic microfaunal communities and planktonic thanatocoenoses, we can identify faunal-microenvironmental relationships. A better understanding of depositional rates in the basin would allow us to reconstruct spatial changes in the various hydrothermal microenvironments through time.
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CONCLUSIONS
Four microenvironments are present in the study region of Guaymas Basin: three are associated with hydrothermal activity: (a) the 'hydrothermal'; (b) the 'bacterial'; and (c) the 'cool'. The fourth microenvironment is out of the hydrothermal influence: the 'Guaymas Basin'.
A 'graphic-multivariate analysis' was used to correlate the Factor Analysis results with the 'biogeography' of diatoms, radiolarians, planktonic foraminifers and ostracods. This provided a better understanding of the ecological and sedimentary environments in the region. (a) In the 'hydrothermal microenvironment' (Factor 4), the direct influence of the hydrothermal fluid reduces drastically the occurrence of microfossils. Preservation of planktonic thanatocoenoses is very poor in this environment. However, the benthic foraminifera Bulimina mexicana and Globocassidulina sp. cf. C. subglobosa are able to live together with the mollusc Calypfogena pacifica. (b) The 'bacterial microenvironment' (Factor l), in which Trochammina sp. and Recurnoides sp. are characteristic, represents the mixing of bottom water and hydrothermal fluids. Therefore, it is a relatively unstable microenvironment and transitional between the cool and hydrothermal environments. (c) The 'cool microenvironment' (Factor 2), more removed from direct hydothermal influence, is the best for the survival of benthic forms (foraminifera and ostracods) and for the preservation of planktonic remains. Bulimina spinosa, Bolivina seminuda and Cibicides sp. are common in this microenvironment. All three of these benthic foraminifera1 assemblages differ from that found in the region of the Guaymas Basin (Factor 3), without any hydrothermal influence. Uvigerina peregrina and Buliminella tenuata are the important species in Factor 3. This assemblage is different in diversity from those of the hydrothermal area. In the Guaymas Basin samples without hydrothermal influence, diversity is lower than in the samples from the hydrothermal area. This can be explained by the fact that the hydrothermal area has more spatial heterogeneity.
Analysis of sub-bottom samples shows the same relationships as in the surface samples. The most severe environmental conditions (i.e. the hydrothermal microenvironment) result in lower survival and poor preservation of the microfauna. The 'bacterial' and the 'cool' microenvironments are characterized by higher numbers of benthic fauna and better preservation of plankton shells. The analysis of the sub-bottom samples allowed us to infer changes in the hydrothermal influence and environmental conditions with time.
